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Background: Compelling evidence has demonstrated that impaired central pain modulation 
contributes to persistent pain in patients with chronic whiplash associated disorders (WAD) and 
fibromyalgia (FM). However, there is limited research concerning the influence of stress and 
relaxation on central pain modulation in patients with chronic WAD and FM. 
Objectives: The present study aims to investigate the effects of acute cognitive stress and 
relaxation on central pain modulation in chronic WAD and FM patients compared to healthy 
individuals. 
Study Design: A randomized crossover design was employed.
Setting: The present study took place at the University of Brussels, the University Hospital 
Brussels, and the University of Antwerp.
Methods: Fifty-nine participants (16 chronic WAD patients, 21 FM, 22 pain-free controls) 
were enrolled and subjected to various pain measurements. Temporal summation (TS) of pain 
and conditioned pain modulation (CPM) were evaluated. Subsequently, participants were 
randomly allocated to either a group that received progressive relaxation therapy or a group that 
performed a battery of cognitive tests (= cognitive stressor). Afterwards, all pain measurements 
were repeated. One week later participant groups were switched.
Results: A significant difference was found between the groups in the change in TS in response 
to relaxation (P = 0.008) and cognitive stress (P = 0.003). TS decreased in response to relaxation 
and cognitive stress in chronic WAD patients and controls. In contrast, TS increased after both 
interventions in FM patients. CPM efficacy decreased in all 3 groups in response to relaxation (P 
= 0.002) and cognitive stress (P = 0.001).
Limitations: The obtained results only apply for a single session of muscle relaxation therapy 
and cognitive stress, whereby no conclusions can be made for effects on pain perception and 
modulation of chronic cognitive stress and long-term relaxation therapies.
Conclusions: A single relaxation session as well as cognitive stress may have negative acute 
effects on pain modulation in patients with FM, while cognitive stress and relaxation did not 
worsen bottom-up sensitization in chronic WAD patients and healthy persons. However, 
endogenous pain inhibition, assessed using a CPM paradigm, worsened in chronic WAD and 
FM patients, as well as in healthy people following both interventions. 
Key words: Chronic pain, central sensitization, endogenous pain inhibition, temporal 
summation of pain, cognitive stressor, relaxation, fibromyalgia, whiplash-associated disorders
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including concentration and memory problems (35-40). 
Decreased cognitive function seems to be related to 
pain severity in patients with chronic WAD and FM (40-
42), and is presumed to be a feature of CS (3,5). 
Interestingly, an overlap exists in brain regions 
involved in cognitive function and areas of the pain 
matrix (e.g., periaqueductal gray, anterior cingulate 
cortex) (40). However, the influence of cognitive stress 
on central pain modulation has not yet been clearly 
described in patients with CS pain. 
Inversely, there is conflicting evidence regarding the 
effects of relaxation therapy on pain ratings (43). There 
is a lack of research concerning the effects of relaxation 
on central pain modulation in chronic pain patients. 
Further it is unclear whether stress and relaxation have 
similar or different effects on pain modulation in these 
patients. An example for a non-stressful intervention is 
the progressive muscle relaxation therapy (PRT) (44). 
Possibly, performing cognitive challenging tasks 
may serve as a stressor for patients already suffering 
concentration and memory problems, which may 
further burden the central nervous system leading to 
enhanced disinhibition and more pain. On the contrary, 
it is hypothesized that cognitive stress, caused by cogni-
tive tasks, can diminish pain ratings as a result of the 
so-called “distraction effect,” described by Eccleston 
and Crombez (45). 
Further, it is hypothesized that muscles are more 
relaxed after the PRT, leading to temporary pain relief 
(46). On the contrary, another hypothesis is that the PRT 
leads to more body awareness, leading to more pain. 
The present study aimed at investigating the ef-
fects of cognitive tasks (to induce cognitive stress) and 
a single relaxation session on central pain modulation 
in patients with chronic WAD and FM compared to 
healthy pain-free individuals.
Methods
Study Design and Setting
A randomized crossover design was employed as 
illustrated in Fig. 1. The present experimental study 
took place from July 2010 until December 2013 at the 
University of Antwerp, the University of Brussels, and 
the University Hospital Brussels. Participants received 
detailed study information and gave written informed 
consent prior to study enrollment. This research was 
approved by the Ethics Committee of the University 
Hospital Brussels. The current study is registered with 
the ClinicalTrials.gov Identifier number NCT01172795.
Nowadays, there is compelling evidence for impaired central pain modulation or central sensitization (CS) as the common underlying 
pathophysiological mechanism of chronic pain in 
conditions such as chronic whiplash associated disorders 
(WAD) and fibromyalgia (FM) (1-3). CS is defined as 
an exaggerated responsiveness of the central nervous 
system to nociceptive and non-nociceptive stimuli, like 
pressure, electrical stimuli, temperature, light, and 
medication (4-8). 
Enhanced bottom-up sensitization, being an exag-
gerated efficient nociceptive transmission, is a possible 
feature in CS (9,10). To assess the efficacy of this bottom-
up sensitization, evaluation of temporal summation 
(TS), characterized by the increase in pain ratings after 
repetitive noxious stimulation at a constant intensity, 
has frequently been performed (11,12). In addition, it 
has been shown that malfunctioning of descending 
pain-inhibitory pathways is involved in the CS process 
(13). This can lead to increased nociceptive transmission 
to the brain because of the lack of dampening or filter-
ing of the incoming information. The conditioned pain 
modulation (CPM) paradigm is often used to evaluate 
the efficacy of endogenous pain inhibition, and relies 
on the “pain-inhibits-pain” mechanism (12). Enhanced 
TS of pain (14,15), impaired endogenous pain inhibition 
(16-19), and inefficient CPM (20,21) have been demon-
strated in patients with chronic WAD and FM.
Furthermore, a growing body of research shows 
abnormalities in stress-regulating systems in chronic 
pain patients, including WAD and FM (22-24). It has 
been demonstrated that stress can have a major impact 
on pain perception (25,26) by either suppressing pain 
(stress-induced analgesia) or exacerbating it (stress-
induced hyperalgesia) (25,27-29). Stress-induced anal-
gesia during exercise is presumed to result from the re-
lease of endogenous opioids and growth factors (30,31) 
and activation of nociceptive inhibitory mechanisms 
orchestrated by the brain (32,33). Previous research has 
demonstrated dysfunctional exercise-induced analgesia 
in chronic WAD and FM patients (17-19). 
The exact mechanisms involved in stress-induced 
hyperalgesia have to be further unravelled (34). To 
date, it is suggested that neurotransmitters and neuro-
endocrine alterations play a role in this phenomenon. 
In addition, alterations in brain pathways mediating 
excitatory and inhibitory systems likely give rise to 
stress-induced hyperalgesia (34).
Apart from persistent pain, chronic WAD and FM 
patients frequently complain of cognitive disturbances, 
www.painphysicianjournal.com  121
Effects of Stress and Relaxation on Central Pain Modulation
Participants 
Sixteen patients with chronic WAD, 21 patients with 
FM, and 22 healthy pain-free controls were included. 
Chronic WAD and FM patients were recruited in co-
operation with rheumatologists and physical medicine 
and rehabilitation physicians. Healthy controls were 
recruited through acquaintances of patients, students, 
researchers, and university staff. Each study participant 
had to be Dutch speaking and aged between 18 and 65 
years. 
The chronic WAD group fulfilled the criteria of the 
Quebec Task Force (grade II to III) (35). Chronic neck pain 
due to a whiplash event was defined as pain lasting lon-
ger than 3 months. The FM group complied with the di-
agnostic criteria for FM as defined by the 1990 American 
College of Rheumatology (ACR) (36,47). Chronic WAD 
patients fulfilling the diagnostic criteria for FM and FM 
patients reporting a history of a whiplash trauma were 
not eligible for study participation. Healthy individuals 
were pain-free at the time of study participation. In ad-
dition, participants suffering metabolic, cardiovascular, 
or inflammatory disorders were excluded.
In order to preclude confounding factors, pregnant 
women and women less than one year postnatal were 
excluded. Furthermore, all participants were asked to 
stop analgesics 48 hours prior to study participation, 
not to undertake physical exertion, and to refrain from 
consuming caffeine, alcohol, and nicotine on the day 
of the experiments.
Based on an a priori power calculation, we aimed 
at recruiting a total sample size of at least 45 par-
ticipants (G*Power 3.1.2). This a priori power analysis 
was performed for the within-between interaction in 
repeated measures ANOVA with 3 groups, 3 measure-
ments (baseline mean pain measures, pain measures 
Fig. 1. Flow diagram showing the study protocol.
CWAD: chronic whiplash associated disorders, CON: pain-free controls, FM: fibromyalgia, PPTs: pressure pain thresholds, TS: temporal 
summation, CPM: conditioned pain modulation
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after relaxation, pain measures after cognitive tests), 
an effect size of 0.25, a significance level of 0.05, and a 
minimum power of 0.90. 
Research Procedure
First, participants were subjected to various pain 
measurements. Pressure pain thresholds (PPTs), TS, and 
CPM were evaluated. Subsequently, participants were 
randomly allocated (by lottery) to either a group that 
performed a battery of cognitive tests or a group that 
received PRT. To randomize, each participant chose a 
folded ticket, which indicated the order of the inter-
vention, on the first test day. Afterwards, all pain mea-
surements were repeated. One week later participant 
groups were switched.
Experimental Pain Measures 
To investigate the presence of CS, 3 critical aspects 
of the central pain system were assessed (48-51). First, 
PPTs were measured with a digital algometer (Wagner 
Instruments, Greenwich). Secondly, TS of pain was ex-
amined. Finally, a CPM paradigm was conducted to as-
sess the efficacy of endogenous pain inhibition. All pain 
measurements were performed by a researcher blinded 
to the group allocation. 
Pressure Pain Thresholds and Temporal 
Summation of Pressure Pain
The PPT was measured at the middle of the right 
trapezius belly, midway between the processus spinosus 
of the seventh cervical vertebra and the lateral edge 
of the acromion using a digital algometer (Wagner 
Instruments, Greenwich). The pressure was increased 
at a rate of approximately 1 kg/s until participants said 
“stop” at the moment the sensation became uncom-
fortable. Consequently, the pressure was immediately 
released. The pressure established on that moment was 
determined as the PPT, measured in kg/cm2. Two PPT 
measurements (interval 30 seconds) were performed, 
from which a mean PPT value was calculated. The use 
of pressure algometry has been found to be an efficient 
and reliable technique in the determination of PPTs and 
subsequently the examination of hyperalgesia (52-54).
TS of pressure pain was elicited at the trapezius 
by administering 10 consecutive pressure pulses using 
the algometer. For each pulse of the TS procedure, the 
pressure was increased at a rate of approximately 2 kg/s 
until the previously determined PPT was reached and 
maintained for one second (48). Pressure pulses were 
presented with an inter-stimulus interval of one second. 
Participants were instructed to rate their perceived pain 
intensity during the first, fifth, and tenth pressure pulse 
using a verbal numeric rating scale (VNRS). The TS pain 
score was obtained by subtracting the first VNRS score 
from the last VNRS. The higher the TS score, the more 
extensive/efficacious the nociceptive transmission to 
the brain. This TS procedure has been found to be reli-
able and valid (48).
Conditioned Pain Modulation
CPM was induced by inflating an occlusion cuff 
(conditioning stimulus) placed around the left arm, op-
posite of the test stimulus, to a painful intensity. The test 
stimulus was applied at the contralateral body side and 
consisted of the TS procedure, which was repeated dur-
ing cuff inflation. Therefore the cuff was inflated at a 
constant rate (20 mmHg/s) until the participant reported 
pain. Participants then adapted to the stimulus for 30 
seconds and rated the pain on the VNRS. Subsequently, 
the cuff inflation was adjusted until participants indi-
cated a pain intensity of 3 out of 10 on the VNRS. The 
CPM procedure started as soon as the cuff inflation 
was adjusted. During the CPM procedure the left arm 
rested on a table and the TS assessment was repeated 
at the right trapezius as described above (48). Efficacy 
of CPM was examined by subtracting the VNRS from the 
first pressure pulse prior to and during cuff inflation. 
This CPM procedure has been found reliable, and CPM 
induced by ischemic cuff inflation is able to reduce TS 
in healthy controls (48) and has been previously used to 
examine CPM efficacy in CWAD (55,56) and FM (57).
Interventions
Progressive Muscle Relaxation Therapy
The relaxation intervention consisted of PRT. The 
participant was positioned in a comfortable supine 
position on a treatment table. A Dutch audio fragment 
was played and the participant listened to the instruc-
tions that were given. The participants were instructed 
to alternately contract and relax different skeletal 
muscle groups in order to create awareness of muscle 
tension and relaxation. The participant was guided to 
progressively proceed through all major muscle groups, 
relaxing them one at a time, and eventually leading to 
total muscle relaxation (44,58). The relaxation session 
had a duration of 30 minutes.
Cognitive Stress
The cognitive stress intervention encompassed 
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the performance of 3 cognitive tests, the Stroop task, 
Psychomotor vigilance task (PVT), and Operation span 
(OSPAN) task. In order to standardize the procedure, 
all tests were conducted on the same computer and in 
a fixed order (Stroop, PVT, OSPAN). The cognitive tests 
were quite challenging and had a total duration of ap-
proximately 30 to 45 minutes. Each of the 3 tests has 
been used and described in detail in 3 of our previous 
studies in patients with chronic CS pain (59-61). 
Statistical Analyses
Statistical analyses were performed using the Sta-
tistical Package for Social Sciences 22.0 (SPSS Inc. Head-
quarters, Chicago, Illinois, USA). Statistical significance 
was set a priori at α = 0.05. 
Comparability of groups for age, gender distribu-
tion, disease duration, and medication use was exam-
ined with the one-way ANOVA or Chi-square test. First, 
a paired-samples t-test was performed to ensure there 
were no significant differences between the baseline 
pain measurements at the day of the relaxation and 
cognitive intervention. Then, the mean of the 2 base-
line measures (before relaxation and before cognitive 
intervention) of each pain measurement was calculated 
and used for further data analyses.
Repeated measures ANOVA were performed using 
3 levels. The first level was the mean baseline pain mea-
sure, calculated as described above. The second level 
was the pain measure after relaxation. The third level 
was the same pain measure, however acquired after 
the cognitive tests. 
First, possible interaction effects between each 
pain measure and “study group” were explored. If 
there was no significant interaction effect, the main 
within and between subject effects were inspected. 
To see the nature of the effects, a simple contrast was 
examined and the first level was set as the reference 
category. Group differences were further explored with 
a one-way ANOVA test. Bonferroni correction was used 
as post-hoc test. 
Results
Baseline Characteristics
Demographic characteristics, medication use, and 
baseline pain measures of the participants are present-
ed in Table 1. Fifty-nine participants (16 chronic WAD 
patients, 21 FM patients, and 22 pain-free controls), 
comparable for age and gender distribution, were 
included for the baseline measures on the first session 
day and were randomly assigned. Fifty-seven partici-
pants (15 chronic WAD patients, 20 FM patients, and 22 
controls) were included on the second session day and 
were subjected to the pain measures and intervention. 
Two patients (1 chronic WAD, 1 FM) were lost to follow-
up because they did not show up at the second inter-
vention day. Consequently, there are 2 missing values 
for the TS and CPM measurements.
The paired-samples t-test in each study group dis-
played no significant differences between the baseline 
pain measurements at the experimental day of the re-
laxation and cognitive intervention (P > 0.05) (Table 1). 
Effects of Relaxation and Cognitive Stress on 
Central Pain Modulation
Temporal Summation of Pressure Pain
A significant interaction effect was found for the 
change in TS between study groups (Table 2) after re-
laxation (P = 0.008) and after the cognitive tests (P = 
0.003) (Table 3 and Fig. 2). 
TS, measured at the trapezius muscle, decreased 
significantly in response to the relaxation and cognitive 
stress intervention in healthy persons (P < 0.01). Ad-
ditionally, chronic WAD patients displayed a trend for 
reduced TS scores after both interventions. In contrast, 
TS showed a trend to increase in response to the relax-
ation and cognitive stress intervention in the FM group. 
Conditioned Pain Modulation
A significant main within-subjects time effect was 
found for CPM in every study group (Table 2), being a 
decreased CPM efficacy after relaxation (P = 0.002) and 
after the cognitive tests (P = 0.001) (Table 3 and Fig. 3).
CPM efficacy diminished significantly after both 
interventions in healthy persons (P < 0.05). Further-
more, chronic WAD patients demonstrated significantly 
decreased CPM efficacy after the PRT (P < 0.05).
discussion
The present study is the first to examine the effects 
of a single relaxation session and a cognitive stressor 
on central pain modulation in chronic WAD and FM 
patients compared to healthy individuals. The study re-
sults indicate that both types of interventions enhance 
TS of pain in FM, indicating an increased nociceptive 
transmission to the brain in these patients (bottom-up 
sensitization). In contrast, chronic WAD patients and 
healthy controls experienced acute positive effects on 
bottom-up sensitization, as both relaxation and cogni-
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a = Values are presented as means and SD for continuous data and as absolute frequencies for categorical data. b= Statistical analyses were per-
formed using a one-way ANOVA. c= Statistical analyses were performed using a Pearson Chi-square test. d = Significant differences between 
CWAD patients and controls (P < 0.017). e= Significant differences between FM patients and controls (P < 0.017). f= Values are presented as mean 
value and SD. Significant differences are presented in bold font. y: years, m: months, PPT: Pressure pain threshold, VNRS: Verbal numeric rating 
scale, TS: Temporal summation, CPM: Conditioned pain modulation, ns= not significant, CWAD: chronic whiplash-associated disorders, FM: 
fibromyalgia, CON: healthy controls
Characteristicsa CWAD (n=16) FM (n=21)
CON 
(n=22)
P value
ANOVA
P value Post-hoc 
Bonferroni
CWAD 
-FM
CON - 
CWAD
CON - 
FM
Age (y)b 41.62 (11.45) 44.52 (9.47) 38.00 (13.90) 0.202
Gender (male; female)c 3 ; 13 5 ; 16 8 ; 14 0.442
Disease duration (m)b 60.80 (69.70) 96.30 (73.10) 0 (0) <0.001 0.219 0.004d <0.001e
Pain medication use (yes, no)C 0 ; 16 4 ; 17 1 ; 21 0.084
Antidepressiva use (yes, no)C 4 ; 12 7 ; 14 1 ; 21 <0.001 0.583 0.066 0.015e
Benzodiazepines & muscle relaxants (yes, no)C 1 ; 15 1 ; 20 1 ; 21
Baseline pain measuref
PPT trapezius (kg/cm2)
relaxation 
4.12 (1.65) 2.90 (2.49) 5.32 (3.28)
cognition
4.02 (1,53) 2.47 (2,97) 4.96 (3.33)
Paired samples t-tests 0.741 0.264 0.384
TS (VNRS)
relaxation 
3.37 (1.94) 4.21 (2.07) 2.20 (1.86)
cognition
3.23 (1.68) 3.42 (1.80) 1.77 (1.80)
Paired samples t-test 0.823 0.203 0.168
CPM (VNRS)
relaxation
0.69 (1.31) 0.52 (1.50) 0.59 (1.50)
cognition
0.93 (0.88) 0.35 (1.98) 0.91 (0.97)
Paired samples t-test 0.578 0.739 0.390
Table 1. Baseline characteristics of the patients (CWAD and FM) and healthy controlsa.
Table 2. Main effects: Repeated measures analysis of  variance (3 study groups).
TS: temporal summation, CPM: conditioned pain modulation, NA: not applicable 
Outcome measure
Interaction effect (outcome 
time&group)
Within-subjects: time effect Between-subjects: group effect
TS trapezius P = 0.003 P = NA P = NA
CPM trapezius P = 0.755 P = 0.002 P = 0.639
Table 3. Contrasts: Repeated measures analysis of  variance (3 study groups).
Within-subjects contrasts (simple first) After relaxation vs. baseline mean After cognition vs.baseline mean
TS trapezius*group P = 0.008 P = 0.003
CPM trapezius P = 0.002 P = 0.001
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tive stress reduced TS of pain. However, both interven-
tions resulted in decreased CPM efficacy in healthy 
people as well as in those suffering from chronic pain 
(chronic WAD and FM), indicating that they have a det-
rimental effect on endogenous pain inhibition.
Possibly, performing the cognitive tasks served as 
a high cognitive stressor for FM patients, already suf-
fering attention and memory problems (62,63), which 
further burdened the central nervous system leading 
to further disinhibition and more pain (self-reported 
hyperalgesia). In line with these results, Crettaz and 
colleagues (28) reported enhanced pain sensitivity to 
pressure stimuli in FM patients, but not in healthy par-
ticipants following psychological stress, induced using 
the Trier Social stress test. Stress-induced hyperalgesia 
has been demonstrated in FM in other studies as well 
(64,65). However, these studies have not investigated 
the effect of stress on TS and CPM. 
In contrast, unpublished study results show that 
chronic WAD patients encounter less attention and 
memory problems than FM patients (66). Therefore, 
it can be hypothesized that chronic WAD patients and 
Fig. 2. Effects of  relaxation and cognitive stress on TS in patients with chronic WAD, FM and healthy controls. 
1 = TS baseline mean. 2 = TS after RELAXATION. 3 = TS after COGNITIVE TESTS
Values are presented as mean and confidence interval. TS: temporal summation, VNRS: verbal numeric rating scale, WAD: whiplash-
associated disorders, FM: fibromyalgia; ** P < 0.01 
1 = CPM baseline mean. 2 = CPM after RELAXATION. 3 = CPM after COGNITIVE TESTS
Values are presented as mean and confidence interval.
CPM: conditioned pain modulation, VNRS: verbal numeric rating scale, WAD: whiplash-associated disorders, FM: fibromyalgia; * P < 0.05
Fig. 3. Effects of  relaxation and cognitive stress on CPM efficacy in patients with chronic WAD, FM and healthy controls.
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healthy individuals may have experienced the cognitive 
tests as less challenging and less stressful. Accordingly, 
this could have led to decreased nociceptive ascend-
ing transmission, so diminished TS. Indeed, previous 
researchers have reported that the perceived severity 
of the stressor can influence pain modulation (26).
Secondly, it is possible that the cognitive tasks di-
minished pain sensitivity as a result of the previously 
mentioned “distraction effect” (45). This may be the ex-
planation in the chronic WAD and control group, since 
TS of pain was reduced after the cognitive stressor. 
Regarding the PRT, the format of the relaxation 
may have served as a physical stressor in the FM group, 
but to a lesser extent or not in the chronic WAD and 
control groups. This relaxation technique requires 
alternate tightening and relaxing of different muscle 
groups aimed at decreasing overall muscle tension 
(67). In chronic WAD and FM, PRT has the advantage 
of emphasizing the difference between muscles that 
are relaxed and those that are tensed, since a subgroup 
of patients continuously tense their muscles which can 
contribute to persistent pain (68). However, it may be 
that some FM patients tensed their (already painful) 
muscles too tightly and focused their attention even 
more on the pain during the relaxation session, which 
could have resulted in exacerbating pain and enhanced 
TS. There is one controlled trial in which the effects of 
biofeedback PRT using surface EMG were compared 
with the effects of a fitness program or a usual-care 
treatment (6 months) (69). PRT was indeed not effec-
tive in reducing pain perception or psychological dis-
tress, including stress and anxiety levels (69). Recently, 
a systematic review regarding the effects of relaxation 
therapy on pain also showed limited evidence support-
ing the use of muscle relaxation as a sole treatment for 
reducing pain in FM patients (43). The authors suggest-
ed that PRT was not effective as a standalone treatment 
strategy but that it could possibly improve pain relief 
when used in combination with other strategies, such 
as exercise and guided imagery.
In line with our results of diminished TS after the 
PRT in healthy individuals, Emery et al (70) found an 
increased nociceptive flexion reflex threshold, which is 
an objective indication for reduced central hyperexcit-
ability, after a single progressive relaxation session in 
healthy pain-free adults. 
Interesting, this study found decreased CPM effi-
cacy following PRT and a cognitive stressor in patients 
with chronic WAD and FM as well as in healthy persons. 
Previous work has shown that CPM responses depend 
on the interplay between physical and psychologi-
cal mechanisms (71), influenced by cognitive factors, 
including attention, distraction, and expectations. It is 
possible that adequate CPM activation after the inter-
ventions was affected by these factors. Additionally, it 
could be that before a second CPM activation, a recov-
ery period is needed after a previous CPM activation. 
Previous studies have also demonstrated worsened 
CPM responses following a second CPM measurement 
(72,73). Therefore, it may be that each successive condi-
tioned noxious stimulus decreases CPM efficacy. 
Kristian et al (73) investigated the effect of a sim-
ple mental stressor (mathematical calculations) and a 
non-stressful intervention (passive listening to a tale for 
children) on CPM of heat pain in healthy participants. 
They found a reduced CPM effect following the stress-
ful as well as the non-stressful intervention, which is in 
line with our observations. 
Limitations, Strengths, and Suggestions for 
Further Research
The present crossover study has a few study limita-
tions that have to be taken into consideration. First, the 
obtained results only apply for a single session of mus-
cle relaxation therapy and cognitive stress, whereby no 
conclusions can be made for effects on pain perception 
and modulation of chronic cognitive stress and long-
term relaxation therapies. Second, the number of study 
participants (n = 59) was rather small, whereby big-
ger samples in each group could have provided more 
generalizable results. Thirdly, the use of antidepressiva 
was significantly different between FM patients and 
healthy persons. Fourthly, the results of the CPM mea-
sures are characterized by wide confidence intervals. 
However, the variance for CPM of the 3 study groups 
was not significantly different (P > 0.05). At last, au-
tonomic variables, anxiety, and individuals’ perception 
of stress were not measured in this study. Therefore, 
future protocols could adjust for these variables and in-
clude the assessment of the individual’s perceived level 
of mental stress during the stressful and non-stressful 
task. Measurement of cortisol and catecholamine levels 
could give valuable information on the perceived level 
of stress.
Despite these limitations, the current study also has 
important strengths. First, the used randomized longi-
tudinal crossover design, in which all participants are 
exposed to both tasks and serve as their own controls, 
minimizes bias and variability. Second, sources of bias 
like medication use were anticipated and well defined 
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diagnostic criteria were utilized for chronic WAD and 
FM. Finally, this paper adds relevant knowledge to the 
current literature regarding stress-pain and relaxation-
pain interactions in patients with chronic WAD and FM. 
Future studies are warranted to help further elu-
cidate the complex relation between stress, relaxation, 
and pain, and the involved underlying mechanisms. It 
could be interesting to examine the effects of other 
relaxation techniques like mindfulness, yoga, mind-
body exercises, or visualization on pain modulation in 
patients with CS pain. 
Further, inclusion of EMG biofeedback would 
provide a more accurate assessment of actual muscle 
relaxation.
The current study obtained new insight in the effect 
of acute stress and relaxation on central pain modula-
tion in the investigated population. The unravelling of 
influencing factors on central pain modulation is in our 
opinion an important first step in order to adapt future 
interventions for chronic pain patients adequatly.
It remains an important challenge for researchers 
and therapists to develop effective therapy strategies 
for chronic pain patients characterized by CS. 
Clinical Implications
Based on the present results, it can be summarized 
that acute experimental psychophysical stress due to the 
aforementioned interventions can lead to decreased ef-
ficacy of pain modulation, especially in patients with 
FM. Noteworthy is that cognitive stress exerted a similar 
influence on pain modulation as a PRT session.
Therapists should be aware of the possible nega-
tive and/or positive influences of cognitive demanding 
tasks and relaxation techniques which depend on body 
and or muscle movements on pain modulation, de-
pending on the patient’s individual ability to cope with 
stress. By assessing and questioning patients, the nature 
of the effect can become clear and the program can be 
adapted when needed. Measuring pain sensitivity and 
the perceived level of stress following a stressor is valu-
able for identifying patients that have problems with 
their stress-response system. 
Taken together, we suggest a multicomponent 
assessment and rehabilitation in which the underlying 
pathophysiological mechanisms should be taken into 
account. 
conclusion
In FM, one session of PRT and cognitive stress exag-
gerated TS, hence increased nociceptive transmission to 
the brain. Therefore, it can be assumed that a single 
relaxation session as well as cognitive stress may have 
negative acute effects on pain modulation in patients 
with FM, while cognitive stress and relaxation reduced 
TS in both chronic WAD patients and healthy controls. 
Lower TS values point towards reduced bottom-up sen-
sitization, possibly due to a change in brain focus as a 
result of distraction. 
Endogenous pain inhibition, measured with the 
CPM paradigm, worsened in response to both relax-
ation and cognitive stress in healthy people, chronic 
WAD patients, and FM patients. 
These results should be taken into consideration 
when developing therapy strategies for patients with 
chronic WAD and FM.
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